Objective-Longitudinal analysis is crucial in determining the ability of new interventions to successfully reduce negative symptoms in schizophrenia. However, there are still conflicting reports as to whether there are significant treatment effects on these symptoms and the extent of these effects. We examine the possible effects of analysis method on these questions.
INTRODUCTION
Negative symptoms are a primary focus of treatment and rehabilitation in schizophrenia patients , and longitudinal studies of these symptoms are paramount to establishing treatment efficacy. The early studies of schizophrenia often considered negative symptoms to be more stable and enduring than psychotic symptoms (Johnstone et al., 1987; McGlashan and Fenton, 1992; Pfohl and Winokur, 1983; Pogue-Geile and Harrow, 1985; Venables and Wing, 1962) , as well as refractory to pharmacologic intervention. Crow Correspondence: Mary E. Kelley, PhD, RSPH, Rm 352, 1518 Clifton Rd NE, Atlanta GA 30322. Tel (404) Fax (404) 727-1370, email: mekelle@emory.edu. (1980) further proposed to divide schizophrenia into two subtypes, each characterized by the predominance of one type of symptoms over the other. Type 1 patients exhibited mainly positive symptoms, while Type 2 patients showed mainly negative symptoms. Others proposed a third, disorganized subtype (Andreasen and Olsen, 1982; Bilder et al., 1985; Liddle, 1987) .
Later observations, however, revealed significant changes in negative symptoms over time (Kay, 1990; McGlashan and Fenton, 1993; Mueser et al., 1991) that were related to changes in psychosis (Addington and Addington, 1991; Miller et al., 1994; van Kammen et al., 1990) and medication treatment (Goldberg, 1985; Rosen et al., 1984; Tandon et al., 1990 Tandon et al., , 1993 . In addition, the subtype classifications were also shown to fluctuate over time (Andreasen et al., 1990; Arndt et al., 1995; Eaton et al., 1995; Fenton and McGlashan, 1992; Marneros et al., 1992) . These conflicting observations led to the idea that the persistence, rather than the presence, of negative symptoms may more reliably identify a clinically relevant subgroup of patients. This then led to classifications based on longitudinal presentation, such as the deficit syndrome (Carpenter et al., 1988) and a revisiting of the Kraepelinian subtype (Keefe et al., 1987 (Keefe et al., ,1996 . The deficit syndrome has been a useful construct for identifying a group of patients with a more severe form of the illness that may require more aggressive or entirely new modalities of treatment (Buchanan and Carpenter, 2001; Carpenter et al., 1999) .
More recent evaluation of the benefits of pharmacological treatment on negative symptoms has demonstrated either limited effects or inconsistent results (Alphs, 2006; Buchanan et al., 2007; Buckley and Stahl, 2007; Erhart et al., 2006; Lieberman et al., 2003) . While much of this is due to design concerns such as measurement and control of possible secondary effects, a primary concern is clinical relevance or effect size (Alphs, 2006; Buckley and Stahl, 2007; . For the quantification of longitudinal changes, most recent assessments have used linear mixed models that provide substantial improvement over standard linear models such as ANOVA and MANOVA (Gibbons et al., 1993; Gueorguieva and Krystal, 2004) . This is partly due to the fact that mixed models provide more flexibility by allowing the inclusion of subjects that have some missing data without introducing the bias found with approaches such as last observation carried forward (LOCF) (Elliott and Hawthorne, 2005) . More importantly, however, these models explicitly incorporate terms that reflect subject-level heterogeneity; i.e., they can take into account the fact that subjects differ in both their severity of illness at baseline as well as their rate of response. These models are well suited to the analysis of summary measures such as total scores and have been used for the assessment of treatment effects on negative symptoms (Buchanan et al., 2007; Lieberman et al., 2003) .
However, it would also be of interest to assess the effects of treatments on the individual symptoms, such as affective flattening, that are measured on an ordinal scale. Unfortunately these data do not meet the assumptions of these linear methods that require continuous data. Recently, the development of generalized linear mixed models (GLMM) has provided analysts with analogues to these linear mixed models for use with categorical (e.g. ordinal and binary) data (Rabe-Hesketh et al., 2002) . However, most assessments of longitudinal change in negative symptoms either have not analyzed individual symptoms or have not employed these methods because they were not readily available until more recently. However, it may be important to make use of these methods because using linear methods on categorical data results in biased estimates (Lipsitz, 1992) , which may subsequently alter the significance of effects. More importantly, continuous data methods are especially biased when many subjects have no evidence of a symptom (Hastie et al., 1989) . In that case, the variance is even further reduced and we are essentially measuring prevalence and not average severity across subjects. For these reasons, the use of categorical methods for the analysis of longitudinal symptom data may provide both an opportunity to further explore treatment effects as well as give more meaningful estimates of the mutability of symptoms than would a continuous analytic approach.
For the current study, the aim was to propose the analysis of prevalence as an alternative measure to quantify and visualize the patterns of change in negative symptoms over time. Two different experimental paradigms were used to evaluate the effects of treatment changes on negative symptoms: 1) following drug discontinuation in chronic schizophrenia inpatients and 2) after initiation of treatment in a group of first-episode schizophrenia patients. As an example of the possible effects of analysis choice on interpretation, we produce and compare the significance of the changes over time (slopes) with those of similar linear models run on the same data.
METHODS

Subjects
2.1.1 Chronic schizophrenia-This cohort consisted of 100 male veterans admitted to the Schizophrenia Research and Treatment Unit (SRTU) at the VA Healthcare System in Pittsburgh, Pennsylvania. Admission to the study followed completion of oral and written informed consent, in compliance with the policies of the Highland Drive VA Medical Center's Institutional Review Board (IRB). All subjects were fully informed about the risks of participation and alternative treatment options. Subjects were recruited for the same experimental protocol from 1982 through 1997 and interviewed to determine DSM-III-R (APA, 1987) diagnosis using the Schedule for Affective Disorders and Schizophrenia (SADS) (Spitzer and Endicott, 1979) or the Structured Clinical Interview for DSM-III-R (SCID) (Spitzer et al., 1989) . Subjects were included who had a DSM-III-R diagnosis of either schizophrenia or schizoaffective disorder. All diagnostic information obtained using the SADS or SCID was reviewed in a multidisciplinary case conference to confirm diagnosis. Subjects who met the DSM-III-R criteria for alcohol or substance abuse or dependence were excluded at the time of the study unless they had been in remission for at least 6 months. All subjects participated in a double-blind protocol that consisted of the replacement of long-term antipsychotic drug treatment with placebo following a minimum 4-week stabilization period on the minimum dose of haloperidol (10.5 ± 6.4 mg/day, range 0.5 -40 mg/day). All subjects remained in the hospital for the duration of the study. Benztropine was administered in doses of 1-4 mg/day as clinically indicated for extrapyramidal symptoms during the stabilization period; no other medications were given. After the stabilization period (week 0), medication was replaced with placebo capsules for up to 6 weeks or until the subject experienced an increase in psychosis, according to previously established criteria (van Kammen et al., 1990) . Behavioral ratings were performed daily for assessment of the subject's clinical status (Bunney and Hamburg, 1963) and weekly throughout the study (see below). Exacerbation was defined empirically as an increase of 3 points or more on the psychosis item of the Bunney-Hamburg scale, sustained over a period of at least 3 days (van Kammen et al., 1990) . Those patients who did not meet this criterion were considered "clinically stable" for the purposes of the analysis. For patients who experienced a worsening of psychotic symptoms (n=44), as evidenced by their daily ratings, we used their behavioral data until the time they met criteria, as they were returned to medication treatment at that time. Those who remained clinically stable (n=56) had six weeks of drug-free ratings. Discussion of the costs and benefits of this methodology are cited by Carpenter (2006) .
First episode schizophrenia-
A consecutive series of in-and out-patient firstepisode psychotic patients who met criteria for DSM-III-R Schizophrenia or Schizoaffective Disorder (n=62) were recruited to participate in the Pittsburgh First Episode Study at the Western Psychiatric Institute and Clinic of the University of Pittsburgh Medical Center. Subjects were recruited between 1990 and 1999. Admission to the study followed completion of oral and written informed consent, in compliance with procedures approved by the IRB of the University of Pittsburgh. Diagnoses were determined based on SCID interview with subjects, report from collateral sources (e.g. family) and a consensus conference review of all available clinical data collected at the time of admission to treatment. Because accuracy of differential diagnosis of the first episode of a psychotic disorder is highly dependent on a longitudinal view of the early course of illness, diagnoses were re-reviewed at 6-and 12 months using follow-up SCID interview information and information from treatment providers obtained from review of medical records. Subjects were included in this study if they met criteria for schizophrenia or schizoaffective disorder at the one year follow-up assessment. All subjects were followed by the treatment team over a period of one year from consent. Individuals who met DSM-III-R criteria for alcohol or substance dependence in the past 6 months (at baseline assessment) were excluded from study, as were individuals who met criteria for alcohol or substance abuse within the past four weeks, had a history of head injury with significant unconsciousness, or current neurologic or medical condition that might confound clinical presentation. All subjects were maintained on an open-label antipsychotic regimen as per their treating physician using the low-dose strategy developed by McEvoy and colleagues (McEvoy et al., 1991) . Anticholinergic medications were used in low doses (1 to 4 mg/day), as needed. Behavioral assessments were conducted within the first week of admission to hospital (baseline) and prior to initiation of medication, as well as at 1 or 2 months, 6 months and 12 months following the baseline assessment. Given that each patient's medications were adjusted continuously throughout the study to provide the maximum clinical benefit, all patients were considered to be successfully treated, i.e., there were no subgroups used for this analysis.
Behavioral ratings
Negative symptoms were measured with the global items of the Scale for the Assessment of Negative Symptoms (SANS) (Andreasen, 1982) . All symptom ratings were conducted by experienced clinical interviewers. Inter-rater reliability was maintained at an adequate level (ICC ≥ .70) through monthly inter-rater reliability assessment meetings. Following the recommendations of Buchanan and Carpenter (Buchanan and Carpenter, 2001) , this study focused on those negative symptoms that are distinct and consistent across all definitions of the negative syndrome: affective flattening, poverty of speech, avolition, and anhedonia.
Statistics
For the analysis of progression of symptoms over time, the ideal approach would be a generalized linear mixed model (GLMM) for the analysis of repeated measures ordinal data (Hedeker and Gibbons, 1994) . However, we did not pursue ordinal models for three reasons: 1) from a clinical point of view, it is the more severe levels of negative symptoms that are of most interest, especially when defining the negative syndrome; 2) the sample sizes would need to be larger in order to distinguish these ordinal models from binary models with similar predictors, and 3) the fact that several of the symptoms examined were rare (e.g., poverty of speech was absent in 44.1% of the repeated measures in the chronic sample) makes the observed data behave in a binary fashion even though the scale itself is based on an underlying continuum. Thus for the purposes of the current analysis, we dichotomized each time-specific symptom rating as either being moderate to severe (3-5) or not. More specifically, we modeled the prevalence of moderate to severe symptoms as a function of time using random effects logistic regression using the generalized linear latent and mixed models (gllamm) procedure in Stata (Rabe-Hesketh et al., 2002) . For all models, we used patient-specific adjustments to the estimates of the symptom level (intercept) as well as progression over time (slope), to allow for subject heterogeneity. To demonstrate the benefits associated with an analysis of prevalence, we compared significance values and effect sizes to those for linear mixed models with the same structure.
Missing data-
The GLMM assumes that any missing data be missing at random (MAR), i.e., independent of the outcome, conditional on any covariates in the model. In other words, the model will remain valid even if the pattern of missingness is related to any of the predictors or to any previous measures of the symptom (Little and Rubin, 2002) . Thus, even if missingness is due to exacerbation, as is clearly the case for the drug discontinuation protocol, the models will be valid as long as exacerbation status is included.
2.3.2-
Given that the analyses were of negative symptoms which are all highly correlated, we did not adjust for multiple comparisons as the majority of these adjustments assume independence across multiple variables. Instead, we took the approach of interpreting with caution those tests with significance near 0.05.
RESULTS
Basic descriptives for each sample are shown in Table 1 . We have plotted the relevant changes over time for the chronic schizophrenia subjects [ Figure 1 ,2], as well as the first-episode sample [ Figure 3 ]. The first episode data indicate that a large change was seen in the first month, as expected due to treatment initiation. Thus we fit a "piecewise" time course assessing the slope and significance of the change in the first month, then the progression from 1 month to 1 year. This allowed us to test specifically whether the initial change was significantly different from zero, and whether or not there was a significant change in progression after the initial treatment effect.
Chronic schizophrenia sample
For both clinical (effects of increases in psychosis/relapse) and methodological (missing data) reasons, patients were categorized into those who experienced an exacerbation following drug discontinuation and those who did not. Almost all symptoms exhibited significant evidence of individual level variation in both the level (intercept) and progression (slope) over time, as evidenced by the significance of the random effects [ Table 2 ]. After adjusting for individuallevel variation, both avolition and anhedonia showed significant differences in progression over time between exacerbated and non-exacerbated subjects, as indicated by the exacerbationby-time interaction term in each model [ Table 2 ]. Further examination of the model estimates indicated that for avolition, there was a significant decrease in the severity of this symptom in the "clinically stable" subjects, while exacerbated subjects had a non-significant increase in symptom severity. For anhedonia, the increase in symptom severity among exacerbated subjects was significant, while the decrease in clinically stable subjects was not. In contrast, if we mistakenly use linear models and treat the data as continuous, the significance levels change substantially, and in some cases, give different interpretations. Most notably, the apparent reduction in avolition in the clinically stable subjects (p=0.04) from a baseline prevalence of moderate to severe symptoms of 30% to a 6 week prevalence of 15% is not detected by the linear analysis (p=0.18), in which there was a decrease in mean level from 1.8 to 1.5 [ Table  2 ]. This is most likely due to the fact that 48% of all measures of avolition in this subgroup were absent or questionable (scores of 0 or 1) which biased the mean downwards.
First episode sample
As with the chronic schizophrenia sample, there was significant evidence of individual-level variation indicated by the significance of the random effects [ Table 3 ]. The only negative symptom that showed change over the course of treatment was avolition, which decreased initially and then leveled off [ Figure 3 ]. When comparing analysis methods, the most striking difference is that the linear analysis showed a significant change in anhedonia for both slope estimates, while the categorical analysis did not. The effect sizes for the change in the first month revealed a decrease in prevalence of 8% that corresponded to a mean decrease of 0.35 scale points. It is most likely that this would not be considered a clinically significant change. Even more illustrative is the examination of the change from one month to one year which resulted in a decrease of only 0.8% and a mean decrease of 0.05 scale points, but was still significant in the linear analysis due to the decreased variance of the mean for this sample.
CONCLUSIONS
The current data indicate that previous hypotheses that certain negative symptoms such as affective flattening may be less prone to medication effects (Crow, 1985; Kelley et al., 1999) than other negative symptoms may still hold true The lack of change observed in affective flattening is intriguing, due to the current emphasis on classification of patients through evidence of persistent symptoms such as the deficit syndrome (Buchanan and Carpenter, 2001) . It may be that in these patient groups, the levels of affective flattening and poverty of speech were too low to determine reasonable changes over time. However, it has been consistently noted, both statistically (Johnstone et al., 1987; McGlashan and Fenton, 1993; Mueser et al., 1991) and heuristically (Crow, 1985; Liddle, 1987; McGlashan and Fenton, 1992) , that these symptoms tend to be more stable. Given that the rates of moderate to severe ratings of affective flattening were similar in a first episode sample and a sample with a mean duration of illness of 13 years, it might be argued that the rates of these symptoms in the two samples included in this report are similar to those characteristic of the larger population of individuals with schizophrenia.
The current study did not attempt to control for possible secondary sources of negative symptoms other than the possible effects of psychosis which were controlled by design. The focus of the current paper was to address the effects of analysis choice on the assessment of the size of the treatment effects, and not weigh in on the proper method of determining primary negative symptoms (e.g., design or statistical adjustment). However, it should be noted that if statistical control of secondary sources is considered viable, the treatment effects observed here could be adjusted for other measures such as side effects by simply including them as repeated covariates.
We postulate that some of the conflicting reports on the mutability of negative symptoms over time may be due to the fact that continuous data methods were used to analyze the data. This is not necessarily because the appropriate techniques were not used but because the concept of slope as an estimate of effect size has little meaning for categorical data (Blalock, 1976) . As an example, for ratings of (1,2,2,2) the computed change in affective flattening is 0.3 points per unit of time (0,1,2,3). From a clinical point of view, this pattern of data would most likely be judged as no effective change in this symptom; however, significant changes over time of a similar magnitude (range 0.3 -0.7) have been reported (Addington and Addington, 1991; Arndt et al., 1995; Tandon et al., 1993) . Considering the current data, it would seem a 15% decrease in the prevalence of moderate to severe symptoms post-treatment might be more clinically interpretable than a decrease in 0.3 scale points regardless of whether this difference was found to be statistically significant. Thus, we propose that the examination of average prevalence may give a more clinically relevant estimate of overall change than a comparison of mean symptom levels over time when examining individual items or subscales with low variability.
Another of the benefits of the use of the categorical approach is that we do not have to assume that the anchors of the ordinal scale represent a true scaled measurement, i.e., that a one point difference between a score of 2 and 3 is exactly equivalent to the difference between scores of 4 and 5. As clinicians, we inherently know this is not the case, and yet we often overlook this fact when analyzing data, because we are limited to the methods with which we are familiar. We can possibly avoid using categorical approaches by analyzing subscales or sums of the relevant items. However, in many cases even this approach does not sufficiently increase the variation to justify the use of continuous data analytic methods. One example of this would be side effect scales such as the Simpson-Angus wherein most of the items are not endorsed, and therefore the subscale scores and even the total scores can resemble categorical rather than continuous data.
Finally, the examination of average prevalence over time gives us another tool to examine treatment effects on specific symptoms in addition to the effects on overall total negative symptom scores. The recent NIMH-MATRICS consensus statement on the treatment of negative symptoms stressed the need for new definitions of clinically meaningful effect size (Alphs, 2006; and that analysis of subdomains or item level data, rather than a combined negative symptom score, may be needed to distinguish different neuropharmacological substrates (Kirkpatrick and Fischer, 2006) . The current study shows that the examination of the prevalence of a specified level of symptoms over time may provide clinically meaningful estimates of treatment effects on item level data as well as any subdomain that exhibits low incidence. Thus, this approach to analysis could be beneficial when evaluating the effect of new treatments on negative symptoms in schizophrenia. Exacerbated subjects returned to medication after meeting criteria, thus the sample sizes are different across time. Increases in psychosis were defined as a 3 point increase on the Bunney-Hamburg (Bunney and Hamburg, 1963) psychosis scale from the baseline stabilization phase on haloperidol. Baseline (week 0) is the last rating on haloperidol treatment. First-episode schizophrenia patients: Progression of moderate to severe negative symptom levels over time 
